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ABSTRACT 

T e s t i n g  of the R o c k e t d y n e  J - 2  engine  us ing  an  S - I V B  b a t t l e s h i p  
s t a g e  was  conduc ted  at  AEDC f r o m  J u l y  1966 t h r o u g h  O c t o b e r  1968 in  
P r o p u l s i o n  E n g i n e  T e s t  Ce l l  ( J -4 )  of the  L a r g e  Rocke t  F a c i l i t y  (LRF)  
in  s u p p o r t  of the  J - 2  a p p l i c a t i o n  on the  S a t u r n  IB and S a t u r n  V l a u n c h  
v e h i c l e s  for  the  NASA Apol lo  p r o g r a m .  T h r e e  eng ine s  w e r e  t e s t e d  
d u r i n g  the  p r o g r a m  for  a t o t a l  of 263 eng ine  f i r i n g s  wi th  e ight  add i -  
t i o n a l  n o n f i r i n g  t e s t s .  T h r o u g h o u t  th i s  t e s t  p r o g r a m  v a r i o u s  t e m -  
p e r a t u r e  and p r e s s u r e  p a r a m e t e r s  w e r e  a s s i g n e d  t a r g e t  v a l u e s  at 
eng ine  ~ t a r t  for  the  p u r p o s e  of a s s u r i n g  sa fe  eng ine  o p e r a t i o n ,  fo r  
p r o d u c i n g  p r e d i c t e d  f l ight  cond i t ions ,  o r  for  dup l i ca t i ng  ac tua l  f l ight  
c o n d i t i o n s .  The  w o r k  r e p o r t e d  h e r e i n  is  a b a s i c  s t a t i s t i c a l  a n a l y s i s  
p e r f o r m e d  on t h i r t e e n  of t h e s e  t a r g e t e d  p a r a m e t e r s  for  the  p u r p o s e  of 
d e t e r m i n i n g  the  p r e c i s i o n  wi th  which  the t e s t  f a c i l i t y  m e t  t h e s e  eng ine  
s t a r t  t a r g e t s .  The  n u m b e r  of s a m p l e s  u t i l i z ed  in the  a n a l y s i s  for  e a c h  
p a r a m e t e r  r a n g e  f r o m  48 to 269, wi th  only  t h r e e  p a r a m e t e r s  h a v i n g  a 
s a m p l e  s i z e  of l e s s  t han  187. With  the  e x c e p t i o n  of eng ine  a m b i e n t  
a l t i tude ,  c a l c u l a t i o n s  of a r i t h m e t i c  m e a n  and s t a n d a r d  d e v i a t i o n  w e r e  
p e r f o r m e d ,  and the  p e r c e n t  of t a r g e t s  m e t  d u r i n g  the  t e s t  p r o g r a m  for  
e a c h  of the  t h i r t e e n  p a r a m e t e r s  was  d e t e r m i n e d .  A c u m u l a t i v e  f r e -  
quency  d i a g r a m  was  c o n s t r u c t e d  for  eng ine  a m b i e n t  a l t i t ude .  It  was  
d e t e r m i n e d  tha t  t h roughou t  the  t e s t  p r o g r a m  the  f a c i l i t y  m e t  83 .8  p e r -  
cen t  of a l l  t a r g e t  r e q u i r e m e n t s  for  the  p a r a m e t e r s  u n d e r  c o n s i d e r a t i o n .  
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NOMENCLATURE 

E n g i n e  S ta r t  

n 

s 

X 

X 

a 

The  t i m e  that  the  h e l i u m  c o n t r o l  and ign i t ion  p h a s e  
s o l e n o i d s  a r e  e n e r g i z e d  

N u m b e r  of i n d e p e n d e n t  s a m p l e s  

S t a n d a r d  dev i a t i on  e s t i m a t e d  f r o m  a s a m p l e  of the  

The  d e v i a t i o n  b e t w e e n  t a r g e t  c e n t e r  and the  va lue  
ac tua l ly  a t t a ined  

The  a r i t h m e t i c  m e a n ,  def~'~ed as the  va lue  f r o m  which  
the  s u m  of the  s q u a r e s  of the  d e v i a t i o n s  f r o m  the  c e n t r a l  

v a l u e  i s  a m i n i m u m  

The  s t a n d a r d  dev i a t i on  de f i ned  as the  s q u a r e  roo t  of the  
a r i t h m e t i c  m e a n  of the  s q u a r e s  of the  d e v i a t i o n s  about 

the  a r i t h m e t i c  m e a n  ( ~  

vi  
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SECTION I 
IN,TRODUCTION 

Test ing .  of the  R o c k e t d y n e  J - 2  eng ine  us ing  an S- IVB b a t t l e s h i p  
s t age  (Fig .  1, Appendix  I) was conduc ted  at AEDC f r o m  Ju ly  1966 
t h r o u g h  O c t o b e r  1968 in P r o p u l s i o n  Eng ine  T e s t  Ce l l  ( J -4 )  ( F i g s .  2 
and 3) of the  L a r g e  Rocket  F a c i l i t y  (LRF)  in s u p p o r t  of the  J - 2  app l i -  
ca t ion  on the  Sa tu rn  I'B. and Sa tu rn  V l aunch  v e h i c l e s  for  the  NASA 
Apol lo  program.. .  E n g i n e s  t e s t e d  du r ing  th is  p r o g r a m  w e r e :  (1) J - 2 0 5 2  
(88 eng ine  start .s  wi th  1402- sec  to ta l  f i r i ng  durat ion},  (2) J -2047 ,  (115 
eng ine  s t a r t s  with 1483- sec  to ta l  f i r i ng  dura t ion) ,  and (3) J - 2 0 3 6 - 1  
(60 eng ine  s t a r t s  with 8 2 9 - s e c  to ta l  f i r ing  durat ion} (Ref.  1). A to t a l  
of e ight  add i t iona l  non f i r i ng  t e s t s  was conduc t ed  d u r i n g  the  t e s t  p r o -  
g r a m .  Excep t  for  i s o l a t e d  c a s e s ,  a l l  t e s t i n g  was a c c o m p l i s h e d  at 
p r e s s u r e  a l t i t udes  of a p p r o x i m a t e l y  100, 000 ft ( g e o m e t r i c  p r e s s u r e  
a l t i tude ,  Z, Ref.  2) at eng ine  s t a r t .  

The  i n v e s t i g a t i o n  r e p o r t e d  h e r e i n  c o n s i s t s  of a bas i c  s t a t i s t i c a l  
a n a l y s i s  of the  r e s u l t s  ob ta ined  f r o m  the  p r e f i r e  cond i t ion ing  of e ight  
eng ine  c o m p o n e n t s  (.nine t e m p e r a t u r e  and t h r e e  p r e s s u r e  p a r a m e t e r s )  
and f r o m  the  t a r g e t e d  eng ine  a m b i e n t  a l t i tude  at eng ine  s t a r t .  The  
a n a l y s i s  c o n s i s t s  of the  c o n s t r u c t i o n  of a c u m u l a t i v e  f r e q u e n c y  d i a g r a m  
for  eng ine  a m b i e n t  a l t i tude  and the  ca l cu l a t i on  of a r i t h m e t i c  m e a n  and 
s t a n d a r d  dev i a t i on  for  the  r e m a i n i n g  twe lve  p a r a m e t e r s .  The  p e r -  
c e n t a g e  of t a r g e t s  m e t  du r ing  the t e s t  p r o g r a m  was a l so  c a l c u l a t e d  for  
the  p a r a m e t e r s .  The  t e s t  da ta  u t i l i zed  in th is  i n v e s t i g a t i o n  a r e  p r e -  
s e n t e d  in Tab le  I (Appendix  II) and w e r e  ob ta ined  f r o m  Refs .  3 t h r o u g h  32. 

This  a n a l y s i s  is c o n c e r n e d  only with data  f r o m  s u c c e s s f u l  t e s t s .  
P a r a m e t e r  cond i t ion ing  is not  c o n s i d e r e d  for  t e s t s  which  w e r e  a b o r t e d .  
The  r e s u l t s  of th is  a n a l y s i s  do not r e f l e c t  the  bes t  capab i l i t y  of the  
fac i l i ty  as fa r  as m e e t i n g  t a r g e t e d  p a r a m e t e r  r e q u i r e m e n t s  is c o n c e r n e d .  
T h r o u g h o u t  the  e n t i r e  J - 2  eng ine  t e s t  p r o g r a m ,  only f ive p e r c e n t  of the  
t e s t s  w e r e  a b o r t e d  b e c a u s e  of p r o b l e m s  r e l a t e d  to p a r a m e t e r  c o n d i t i o n -  
ing. In g e n e r a l ,  the  few t e s t s  which  w e r e  a b o r t e d  b e c a u s e  of p a r a m e t e r  
co n d i t i o n ing  w e r e  done so  as a r e s u l t  of the  va lue  of the  p a r a m e t e r  be ing  
o u t s i d e  the  sa fe  s t a r t  r e g i o n  of eng ine  o p e r a t i o n .  In a l m o s t  e v e r y  in-  
s t an ce ,  the  va lue  of the  p a r a m e t e r  be ing  ou t s ide  the  s t a r t  t a r g e t  band-  
wid th  was not c o n s i d e r e d  of g r e a t  enough i m p o r t a n c e  to w a r r a n t  a f i r i n g  
abo r t .  Had a h i g h e r  n u m b e r  of t e s t s  been  a b o r t e d  in t h e s e  c a s e s ,  t h e n  
th i s  a n a l y s i s  would r e f l e c t  m o r e  a c c u r a t e l y  the  ac tua l  capab i l i t y  of the  
f ac i l i t y  r e g a r d i n g  p a r a m e t e r  cond i t i on ing  p r e c i s i o n .  
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SECTION II 
TEST ARTICLE 

2.1 J-2 ROCKET ENGINE 

The  t e s t  a r t i c l e  was a J - 2  r o c k e t  eng ine  (F ig .  4) d e s i g n e d  and 
d e v e l o p e d  by R o c k e t d y n e  D iv i s ion  of N o r t h  A m e r i c a n  Avia t ion ,  Inc .  
The  eng ine  u s e s  l iqu id  oxygen  and l iqu id  h y d r o g e n  as p r o p e l l a n t s  and 
was o p e r a t e d  o v e r  a t h r u s t  r a n g e  f r o m  180, 000 to 250, 000 lbf at an 
o x i d i z e r - t o - f u e l  r a t i o  f r o m  4 .3  to 5 .5 .  

The  J - 2  r o c k e t  eng ine  f e a t u r e s  the  fo l lowing  m a j o r  c o m p o n e n t s :  

1. T h r u s t  C h a m b e r  - The  t u b u l a r - w a l l e d ,  b e l l - s h a p e d  t h r u s t  
c h a m b e r  c o n s i s t s  of an 1 8 . 6 - i n . - d i a m  c o m b u s t i o n  c h a m b e r  
( 8 . 0  in. long  f r o m  the  i n j e c t o r  m o u n t i n g  to the  t h r o a t  in le t )  
with a c h a r a c t e r i s t i c  l eng th  (L*) of 24.6  i n . ,  a t h r o a t  a r e a  of 
170.4 in. 2, and a d i v e r g e n t  n o z z l e  wi th  an e x p a n s i o n  r a t i o  of 
27 .1 .  T h r u s t  c h a m b e r  l eng th  ( f r o m  the  i n j e c t o r  f lange  to the  
n o z z l e  exit)  is 107 in. Cool ing  is a c c o m p l i s h e d  by the  c i r c u l a -  
t ion  of eng ine  fuel  flow d o w n w a r d  f r o m  the  fuel  m a n i f o l d  
t h r o u g h  180 tubes  and then  upward  t h r o u g h  360 tubes  to the  
i n j e c t o r .  

2. T h r u s t  C h a m b e r  I n j e c t o r  - The  i n j e c t o r  is a c o n c e n t r i c -  
o r i f i c e d  ( c o n c e n t r i c  fuel  o r i f i c e s  a round  the  o x i d i z e r  pos t  
o r i f i c e s ) ,  p o r o u s - f a c e d  i n j e c t o r .  The  po rous  m a t e r i a l ,  f o r m -  
ing the  i n j e c t o r  face,  a l lows a p p r o x i m a t e l y  3 .5  p e r c e n t  of to ta l  
fuel  flow to t r a n s p i r a t i o n  cool  the  face  of the  i n j e c t o r .  

3. A u g m e n t e d  Spa rk  I g n i t e r  - The  a u g m e n t e d  s p a r k  i g n i t e r  unit  
is m o u n t e d  on the  t h r u s t  c ' hamber  i n j e c t o r  and s u p p l i e s  the  
in i t i a l  e n e r g y  s o u r c e  to ign i t e  p r o p e l l a n t s  in the  m a i n  c o m b u s -  
t ion c h a m b e r .  The  a u g m e n t e d  s p a r k  i g n i t e r  c h a m b e r  is an 
i n t e g r a l  pa r t  of the t h r u s t  c h a m b e r  i n j e c t o r .  Fue l  and o x i d i z e r  
a r e  ign i t ed  in the  c o m b u s t i o n  a r e a  by two s p a r k  p lugs .  

4. Fue l  T u r b o p u m p  - The  t u r b o p u m p  is c o m p o s e d  of a t w o - s t a g e  
t u r b i n e - s t a t o r  a s s e m b l y ,  an induc to r ,  and a s e v e n - s t a g e  a x i a l -  
flow pump.  The  pump is s e l f - l u b r i c a t e d  and n o m i n a l l y  p r o -  
duces ,  at r a t e d  cond i t i ons ,  a head  r i s e  of 35, 517 ft (1225 ps ia)  
of l iqu id  h y d r o g e n  at a flow r a t e  of 8414 gpm for  a r o t o r  s p e e d  
of 26, 702 r p m .  

5. O x i d i z e r  T u r b o p u m p  - The  t u r b o p u m p  is c o m p o s e d  of a two-  
s t a g e  t u r b i n e - s t a t o r  a s s e m b l y  and a s i n g l e - s t a g e  c e n t r i f u g a l  
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pump. The pump is self-lubricated and nominally produces, at 
rated conditions, a head rise of 2117 ft (1081 psia) of liquid 
oxygen at a flow rate of 2907 gpm for a rotor speed of 
8572 rpm. 

6. Gas Generator - The gas generator consists of a combustion 
chamber containing two spark plugs, a pneumatically operated 
control valve containing oxidizer and fuel poppets, and an in- 
jector assembly. The oxidizer and fuel poppets provide a fuel 
lead to the gas generator combustion chamber. The high 
e n e r g y  g a s e s  p r o d u c e d  by the  gas  g e n e r a t o r  a r e  d i r e c t e d  to 
the  fuel  t u r b i n e  and t h e n  to the  o x i d i z e r  t u r b i n e  ( t h r o u g h  the  
t u r b i n e  c r o s s o v e r  duct),  b e f o r e  be ing  e x h a u s t e d  in to  the  t h r u s t  
c h a m b e r  at an a r e a  r a t i o  (A/At )  of a p p r o x i m a t e l y  11. 

7. P r o p e l l a n t  U t i l i z a t i on  Va lve  - The  m o t o r - d r i v e n  p r o p e l l a n t  
u t i l i z a t i on  va lye  is m o u n t e d  on the  o x i d i z e r  t u r b o p u m p  and by-  
p a s s e s  l iqu id  oxygen  f r o m  the  d i s c h a r g e  to the  in le t  s i d e  of t he  
pump to v a r y  eng ine  m i x t u r e  r a t i o .  

8. P r o p e l l a n t  B l e e d  Va lves  - The  p n e u m a t i c a l l y  o p e r a t e d  fuel  and 
o x i d i z e r  b l e e d  v a l v e s  p r o v i d e  p r e s s u r e  r e l i e f  for  the  boi lof f  
of p r o p e l l a n t s  t r a p p e d  b e t w e e n  the  b a t t l e s h i p  s t a g e  p r e v a l v e s  
and m a i n  p r o p e l l a n t  v a l v e s  at eng ine  shu tdown.  

9. I n t e g r a l  H y d r o g e n  S ta r t  Tank  and H e l i u m  Tank  - The  i n t e g r a l  
t anks  c o n s i s t  of a 7258- in .  3 s p h e r e  fo r  h y d r o g e n  wi th  a 
1000- in .  3 s p h e r e  for  h e l i u m  l o c a t e d  wi th in  it .  P r e s s u r i z e d  
g a s e o u s  h y d r o g e n  in the  s t a r t  t ank  p r o v i d e s  the  in i t i a l  e n e r g y  
s o u r c e  for  sp inn ing  the  p r o p e l l a n t  t u r b o p u m p s  du r ing  eng ine  
s t a r t .  The  h e l i u m  tank  p r o v i d e s  a h e l i u m  p r e s s u r e  supp ly  to 
the  eng ine  p n e u m a t i c  c o n t r o l  s y s t e m .  

10. O x i d i z e r  T u r b i n e  Bypas s  Va lve  - The  p n e u m a t i c a l l y  a c t u a t e d  
o x i d i z e r  t u r b i n e  bypas s  v a l v e  p r o v i d e s  c o n t r o l  of the  fuel  t u r -  
b ine  exhaus t  g a s e s  d i r e c t e d  to  the  o x i d i z e r  t u r b i n e  in o r d e r  to 
c o n t r o l  the  o x i d i z e r - t o - f u e l  t u r b i n e  sp inup  r e l a t i o n s h i p .  The  
fuel  t u r b i n e  exhaus t  g a s e s  wh ich  bypass  the  o x i d i z e r  t u r b i n e  
a r e  d i s c h a r g e d  into the  t h r u s t  c h a m b e r .  

11. Main  O x i d i z e r  Va lve  - The  m a i n  o x i d i z e r  v a l v e  is a p n e u m a t -  
i c a l l y  ac tua ted ,  t w o - s t a g e  b u t t e r f l y - t y p e  va lve  l o c a t e d  in the  
o x i d i z e r  h igh  p r e s s u r e  duct  b e t w e e n  the  t u r b o p u m p  and the  
m a i n  i n j e c t o r .  The  f i r s t - s t a g e  a c t u a t o r  p o s i t i o n s  the  m a i n  
o x i d i z e r  va lve  at the  14-deg  p o s i t i o n  to obta in  in i t i a l  t h r u s t  
c h a m b e r  ign i t ion ;  t he  s e c o n d - s t a g e  a c t u a t o r  r a m p s  the  m a i n  
o x i d i z e r  v a l v e  f u l l - o p e n  to a c c e l e r a t e  the  eng ine  to m a i n s t a g e  
o p e r a t i o n .  
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12. Ma in  F u e l  Va lve  - The  m a i n  fuel  va lve  is  a p n e u m a t i c a l l y  a c -  
tua ted  b u t t e r f l y - t y p e  va lve  l oca t ed  in the  fuel  h igh  p r e s s u r e  
duct  be tween  the  t u r b o p u m p  and the  fuel  m a n i f o l d .  

13. P n e u m a t i c  C o n t r o l  P a c k a g e  - The  p n e u m a t i c  c o n t r o l  p a c k a g e  
c o n t r o l s  a l l  p n e u m a t i c a l l y  o p e r a t e d  eng ine  v a l v e s  and p u r g e s .  

14. E l e c t r i c a l  C o n t r o l  A s s e m b l y  - The  e l e c t r i c a l  c o n t r o l  a s s e m b l y  
p r o v i d e s  the  e l e c t r i c a l  log ic  r e q u i r e d  for  p r o p e r  s e q u e n c i n g  
of eng ine  c o m p o n e n t s  d u r i n g  o p e r a t i o n .  

15. P r i m a r y  and A u x i l i a r y  F l i g h t  I n s t r u m e n t a t i o n  P a c k a g e s  - The  
i n s t r u m e n t a t i o n  p a c k a g e s  con ta in  s e n s o r s  r e q u i r e d  to m o n i t o r  
c r i t i c a l  eng ine  p a r a m e t e r s .  The  p a c k a g e s  p r o v i d e  e n v i r o n -  
m e n t a l  c o n t r o l  for  the  s e n s o r s .  

2.2 S-IVB BATTLESHIP STAGE 

The  S - I V B  b a t t l e s h i p  s t a g e  i s  a p p r o x i m a t e l y  22 ft in d i a m e t e r  and 
49 ft in l eng th  and has  a m a x i m u m  p r o p e l l a n t  c a p a c i t y  of 46 ,000  lb of 
l i qu id  h y d r o g e n  and 199, 000 lb of l iqu id  oxygen .  The  p r o p e l l a n t  t a n k s ,  
fuel  above o x i d i z e r ,  a r e  s e p a r a t e d  by a c o m m o n  bu lkhead .  P r o p e l l a n t  
p r e v a l v e s ,  in the  low p r e s s u r e  duc ts  ( e x t e r n a l  to the  t anks ) ,  i n t e r f a c i n g  
the  s t a g e  and the  engine ,  r e t a i n  p r o p e l l a n t  in the  s t a g e  un t i l  be ing  ad -  
m i t t e d  into the  eng ine  to the  m a i n  p r o p e l l a n t  v a l v e s  and s e r v e  as  
e m e r g e n c y  eng ine  shu tof f  v a l v e s .  P r o p e l l a n t  r e c i r c u l a t i o n  p u m p s  in 
both fuel  and o x i d i z e r  t anks  a r e  u t i l i z ed  to c i r c u l a t e  p r o p e l l a n t s  t h r o u g h  
the  low p r e s s u r e  duc ts  and t u r b o p u m p s  b e f o r e  eng ine  s t a r t  to s t a b i l i z e  
h a r d w a r e  t e m p e r a t u r e s  n e a r  n o r m a l  o p e r a t i n g  l e v e l s  and to p r e v e n t  
p r o p e l l a n t  t e m p e r a t u r e  s t r a t i f i c a t i o n .  Vent  and r e l i e f  v a l v e  s y s t e m s  
a r e  p r o v i d e d  for  both p r o p e l l a n t  t a n k s .  

P r e s s u r i z a t i o n  of the  fuel  and o x i d i z e r  t a n k s  was  a c c o m p l i s h e d  by 
f a c i l i t y  s y s t e m s  u s ing  h y d r o g e n  and h e l i u m ,  r e s p e c t i v e l y ,  as  the  p r e s -  
s u r i z i n g  g a s e s .  The  e n g i n e - s u p p l i e d  g a s e o u s  h y d r o g e n  for  fuel  t ank  
p r e s s u r i z a t i o n  d u r i n g  S - I V B  f l ight  was  r o u t e d  to the  f a c i l i t y  v e n t i n g  
s y s t e m .  

2.3 TEST CELL 

T e s t  Ce l l  J - 4 ,  F ig .  3, is  a v e r t i c a l l y  o r i e n t e d  t e s t  uni t  d e s i g n e d  for  
s t a t i c  t e s t i n g  of l i q u i d - p r o p e U a n t  r o c k e t  e n g i n e s  and p r o p u l s i o n  s y s t e m s  
at p r e s s u r e  a l t i t u d e s  of 100, 000 ft. The  b a s i c  ce l l  c o n s t r u c t i o n  p r o -  
v i d e s  a 1 . 5 - m i l l i o n - l b f - t h r u s t  c a p a c i t y .  T h e  ce l l  c o n s i s t s  of four  m a j o r  
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components :  (1) t e s t  capsule ,  48 ft in d i a m e t e r  and 82 ft in height ,  
s i tua ted  at g rade  leve l  and conta in ing the t e s t  a r t i c l e ;  (2) s p r a y  cham-  
ber ,  100 ft in d i a m e t e r  and 250 ft in depth, loca ted  d i r e c t l y  benea th  
the tes t  capsu le  to provide  exhaust  gas cool ing .and dehumidi f ica t ion ;  
(3) coolant  water ,  s t eam,  n i t rogen  (gaseous  and liquid),  hydrogen  
(gaseous  and liquid),  and l iqu id -oxygen  and g a s e o u s - h e l i u m  s t o r a g e  and 
d e l i v e r y  s y s t e m s  for opera t ion  of the ce l l  and t e s t  a r t i c l e ;  and (4) con-  
t r o l  building,  conta in ing t e s t  a r t i c l e  con t ro l s ,  t e s t  ce l l  con t ro l s ,  and 
data acqu i s i t ion  equipment .  Exhaus t  m a c h i n e r y  is connected  with the 
s p r a y  c h a m b e r  and ma in t a in s  a m i n i m u m  tes t  ce l l  p r e s s u r e  before  and 
a f t e r  the engine f i r ing  and exhaus t s  the products  of combus t ion  f rom 
the engine f i r ing.  Before  a f i r ing,  the fac i l i ty  s t e a m  e jec to r ,  in s e r i e s  
with the  exhaust  .machinery,  p rov ides  a p r e s s u r e  a l t i tude  of 100, 000 ft 
in the t e s t  capsu le .  

The ba t t l e sh ip  s tage  and the J - 2  engine were  o r i en ted  v e r t i c a l l y  
downward on the cen t e r l i ne  of the d i f f u s e r - s t e a m  e j e c t o r  a s s e m b l y .  
This  a s s e m b l y  cons i s t ed  of a d i f fuser  duct (20 ft in d i a m e t e r  by 150 ft 
in length),  a cen te rbody  s t e a m  e jec to r  within the d i f fuse r  duct, a dif-  
f u se r  i n s e r t  ( 13.5 ft in d i a m e t e r  by 30 ft in length)  at the in le t  to the 
d i f fuse r  duct, and a g a s e o u s - n i t r o g e n  annu la r  e j ec to r  above the d i f fuse r  
i n s e r t .  The d i f fuse r  i n s e r t  was provided  for  dynamic  p r e s s u r e  r e -  
cove ry  of the engine exhaust  gases  and to ma in t a in  engine ambien t  p r e s -  
s u r e  a l t i tude (a t ta ined by the s t e a m  e jec tor )  dur ing  the engine f i r ing .  
The annula r  e j ec to r  was provided to s u p p r e s s  s t e a m  r e c i r c u l a t i o n  into 
the t e s t  .capsule dur ing  s t e a m  e j ec to r  shutdown. The t e s t  ce l l  was a l so  
equipped with (1) a g a s e o u s - n i t r o g e n  purge  s y s t e m  for  cont inuous ly  
i ne r t i ng  the n o r m a l  a i r  i n - l e a k a g e  of the cel l ,  (2) a g a s e o u s - n i t r o g e n  
r e p r e s s u r i z a t i o n  s y s t e m  for r a i s i n g  t e s t  cel l  p r e s s u r e ,  a f t e r  engine 
cutoff, to a l eve l  equal  to s p r a y  c h a m b e r  p r e s s u r e  and for rap id  
e m e r g e n c y  ine r t i ng  of the capsule ,  and (3) a s p r a y  c h a m b e r  l iqu id-  
n i t rogen  supply and d i s t r i bu t ion  mani fo ld  for in i t i a l ly  i n e r t i n g  the s p r a y  
c h a m b e r  and exhaust  duct ing and for i n c r e a s i n g  the m o l e c u l a r  weight  
of the h y d r o g e n - r i c h  exhaust  p roduc t s .  

SECTION III 
CONDITIONING PROCEDURE 

T h r e e  methods  were  employed  in the p r e f i r e  condi t ioning of engine 
components .  T h e s e  methods  involved (1) rou t ing  of condi t ioning  gas in-  
t e r n a l l y  through the components ,  (2) rout ing  of condi t ioning gas ex-  
t e r n a l l y  over  the components ,  and (3) rou t ing  of condi t ioning l iquid 
i n t e r n a l l y  through the components .  

5 
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Cond i t i on ing  of the  t h r u s t  c h a m b e r ,  c r o s s o v e r  duct ,  and h y d r o g e n  
s t a r t  t ank  was a c c o m p l i s h e d  by the  i n t e r n a l  r o u t i n g  of gas  f r o m  a 
l i q u i d - h y d r o g e n / g a s e o u s - h e l i u m  hea t  e x c h a n g e r  t h r o u g h  t h e s e  c o m -  
p o n e n t s .  Gas t e m p e r a t u r e  could  be r e g u l a t e d  f r o m  a m b i e n t  to w i th in  
about  80~F of l i q u i d - h y d r o g e n  t e m p e r a t u r e .  F i g u r e  5 i n c l u d e s  a 
s c h e m a t i c  r e p r e s e n t a t i o n  of the  t h r u s t  c h a m b e r  and c r o s s o v e r  duct  
co n d i t i o n in g  s y s t e m s .  F o r  the  c a s e s  of o n e -  and t w o - o r b i t  r e s t a r t s ,  
c r o s s o v e r  duct  t e m p e r a t u r e  t a r g e t s  w e r e  m e t  by a l lowing  the  duct to 
coo l  to the  d e s i r e d  t e m p e r a t u r e  f r o m  a p r e v i o u s  eng ine  f i r ing .  A l i q u i d -  
h y d r o g e n / g a s e o u s - h y d r o g e n  hea t  e x c h a n g e r  was  u t i l i z e d  for  s t a r t  t ank  
cond i t ion ing .  Ch i l l ed  h y d r o g e n  gas  at a t e m p e r a t u r e  and p r e s s u r e  wh ich  
would  y i e l d  the  d e s i r e d  t a r g e t  va lues  at eng ine  s t a r t  was  f lowed t h r o u g h  
the  s t a r t  tank.  Dur ing  the  f inal  s e c o n d s  of the  countdown,  th i s  h y d r o g e n  
gas was  i s o l a t e d  in the  s t a r t  t ank  unt i l  the  t ank  was d e p l e t e d  du r ing  the  
eng ine  s t a r t  cyc l e .  F i g u r e  6 p r e s e n t s  a s c h e m a t i c  r e p r e s e n t a t i o n  of 
t he  s t a r t  t ank  cond i t i on ing  s y s t e m .  

Cond i t i on ing  of the  m a i n  o x i d i z e r  va lve  c l o s i n g  c o n t r o l  l ine ,  m a i n  
o x i d i z e r  v a l v e  s e c o n d  s t a g e  ac tua to r ,  h e l i u m  r e g u l a t o r ,  and s t a r t  t ank  
d i s c h a r g e  v a l v e  was a c c o m p l i s h e d  by the  e x t e r n a l  r o u t i n g  of h e l i u m  gas  
o v e r  t h e s e  c o m p o n e n t s  at the  t e m p e r a t u r e  to m e e t  the  requirements at 
eng ine  s t a r t .  In s o m e  c a s e s  the  m a i n  o x i d i z e r  v a l v e  s e c o n d - s t a g e  ac -  
t u a t o r  was c o n d i t i o n e d  by open ing  the  p r e v a l v e s  and p e r m i t t i n g  o x i d i z e r  
in to  the  eng ine .  In th i s  c a s e  t he  a c t u a t o r  was c o o l e d  by c o n d u c t i v e  hea t  
t r a n s f e r  to the  d e s i r e d  t a r g e t  v a l u e s .  F i g u r e  5 i n c l u d e s  a s c h e m a t i c  
r e p r e s e n t a t i o n  of t he  m a i n  o x i d i z e r  va lve ,  the  h e l i u m  r e g u l a t o r ,  and 
t he  s t a r t  t ank  d i s c h a r g e  va lve  cond i t i on ing  s y s t e m s .  F i g u r e  7 shows  
t he  ac tua l  m a n i f o l d s  u t i l i z e d  in t e m p e r a t u r e  c o n d i t i o n i n g  the  m a i n  
o x i d i z e r  va lve  a c t u a t o r  and the  s t a r t  t ank  d i s c h a r g e  va lve .  Both  m a n i -  
folds  w e r e  f a b r i c a t e d  f r o m  1 / 4 - i n .  s t a i n l e s s  s t e e l  tubing.  The  c h i l l e d  
gas  ou t le t  h o l e s  w e r e  1/16 in. in d i a m e t e r  and w e r e  s p a c e d  3 /4  in. 
apa r t .  Man i fo lds  for  the  m a i n  o x i d i z e r  va lve  c l o s i n g  c o n t r o l  l i ne  and 
the  h e l i u m  r e g u l a t o r  w e r e  f a b r i c a t e d  in a s i m i l a r  m a n n e r .  All of t h e s e  
m a n i f o l d s  w e r e  c o n s t r u c t e d  such  that  the  c h i l l e d  h e l i u m  gas  was f lowed  
d i r e c t l y  o v e r  t he  c o m p o n e n t  be ing  c h i l l e d .  

Cond i t i on ing  of both the  fuel  pump  in le t  and the  o x i d i z e r  pump  in -  
le t  was a c c o m p l i s h e d  by the  i n t e r n a l  r o u t i n g  of l iqu id  t h r o u g h  t h e s e  
c o m p o n e n t s .  In both c a s e s  the  t e m p e r a t u r e  r e q u i r e m e n t s  w e r e  m e t  
by: (1) cond i t i on ing  the  p r o p e l l a n t  t ank  bulk t e m p e r a t u r e s  to the  v a l u e s  
r e q u i r e d  to a c h i e v e  the  pump in le t  t a r g e t s  and (2) r e c i r c u l a t i n g  p r o p e l -  
l an t s  f r o m  the  t a n k s  t h r o u g h  the  t u r b o p u m p  s y s t e m s  by use  of r e c i r c u -  
l a t i o n  p u m p s .  P r e s s u r e  r e q u i r e m e n t s  w e r e  m e t  by p r e s s u r i z i n g  both 
t anks  in the  f inal  s e c o n d s  of the  coun tdown in o r d e r  to  a c h i e v e  the  t a r g e t  
va lues  at the  pump i n l e t s .  

6 
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T.he d e s i r e d  engfne ambient  a l t i tude was obtained by u t i l i z ing  the 
fac i l i ty  s t e a m  e j ec to r  in s e r i e s  with exhaust  m a c h i n e r y .  

SECTION' IV 
INSTRUMENTATION 

Ihs t rumenta t i ' on  s y s t e m s  were -p rov ided  for m e a s u r i n g ,  mon i to r ing ,  
and r e c o r d i n g  the'. t a rge ted '  t e m p e r a t u r e  and p r e s s u r e  p a r a m e t e r s .  
Table. III-  1 (A.ppendix III). contains, a. l i s t  of t hese  p a r a m e t e r s ,  and 
Fig.  HI-  1 shows: the locati:ons o f t h e  s e n s i n g  points .  

Measu remen t s :  of. pump. inlet  p r e s s u r e s ,  engine ambient  p r e s s u r e ,  
and s t a r t  tank p r e s s u r e  were  mad'e usir~g strain--ga.ge-type p r e s s u r e  
t r a n s d u c e r s .  M e a s u r e m e n t s  o f t h r u s t  c h a m b e r  thro'a~ t e m p e r a t u r e ,  
s t a r t  tank t e m p e r a t u r e ,  ~nd pump. inlet" t e m p e r a t u r e s  were  made  us ing  
p la t inum res i ' s tance '  t e m p e r a t u r e  t r a n s d u c e r s . .  The ma in  ox id ize r  va lve  
c los ing  cont ro l  l ine~ m'ain oxidizer '  va lve  s e c o n d - s t a g e  ac tua tor ,  and 
s t a r t  tank discha-r 'ge 'valve 5 o d y ' t e m p e r a t u r e  m e a s u r e m e n t s  were  made  
us ing  copper-cons,rant.an the-rmocoupl'es.. C r o s s o v e r  duct and he l ium 
r e g u l a t o r  t e m p e r a t u r e :  measu remen t s -  were. made  us ing i ' ron-cons tan tan  
t h e r m o c o u p l e s .  

The data acq.uts.ition" s-yst'ems, were" c a l i b r a t e d  by p r e c i s i o n  e l ec -  
t r i c a l  shunt  res.i 's . t 'ance-substitution for" the p r e s s u r e  t r a n s d u c e r s  and 
r e s i s t a n c e  t e m p e r a t u r e  t r ans 'ducer  units and: by vol tage  subs t i tu t ion  for 
the t h e r m o c o u p l e s .  

The types: of' dats~, acqu i s i t ion  and r e c o r d i n g  s y s t e m s  used dur ing  
th i s  t e s t  p r o g r a m  pe r t inen t  to the .conditioned components ,  were :  
(1) a mult iple- input"  di"gital data  acqu i s i t ion  s y s t e m  scann ing  each p a r a m -  
e t e r  at 40 s a m p l e s  per" second and r e c o r d i n g  on magne t i c  tape and 
(2) d i r e c t - i n k i n g ,  null-ba.l.ance p o t e n t i o m e t e r - t y p e  X-Y p l o t t e r s  and 
s t r i p  c h a r t s .  Applica.51e s y s t e m s  w e r e - c a l i b r a t e d  before  each t e s t  
( a t m o s p h e r i c  and.' altitude" cal ' ibrat ions) .  

All  of the pa rame te r s -  cons ide red  in th is  an 'alysfs were  m o n i t o r e d  
in the  cont ro l  room on: eith'er 's. trip,  cha r t s  or' X-Y p l o t t e r s ;  however ,  the  
da ta  u t i l i zed  in this- a n a l y s i s  wer'e t aken  f rom the mu l t i p l e - inpu t  d ig i ta l  
da ta  acqufs i t ion  s y s t e m .  E l e c t r i c a l  s i gna l s  to both the d ig i ta l  s y s t e m  
and the v i sua l  m o n i t o r s  Originated f rom the s a m e  t e m p e r a t u r e  or  p r e s -  
s u r e  s e n s i n g  eler~ent '  for e~ch p a r a m e t e r ;  t h e r e f o r e ,  any d i f f e rence  
t h a t  ex is ted  betw.een' the di'gita-i and m o n i t o r i n g  s y s t e m s  a re  r e f l e c t e d  
in the data.  

7 
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SECTION V 
RESULTS AND DISCUSSION 

5.1 METHOD OF DATA PRESENTATION 

The  r e s u l t s  ob ta ined  f r o m  the  p r e f i r e  cond i t i on ing  of e ight  eng ine  
c o m p o n e n t s  ( twe lve  t e m p e r a t u r e  and p r e s s u r e  p a r a m e t e r s )  and f r o m  the  
t a r g e t e d  eng ine  a m b i e n t  a l t i tude  at eng ine  s t a r t  a r e  i n v e s t i g a t e d  in th is  
a n a l y s i s .  Tab l e  I p r e s e n t s  a l i s t  of t h e s e  t e s t  r e s u l t s  showing  t a r g e t  
va lue s  and va lues  ac tua l l y  a t t a ined  at eng ine  s t a r t .  

One of the  f i r s t  a s s u m p t i o n s  m a d e  in th is  a n a l y s i s  c o n c e r n s  the  
cho ice ,  in s o m e  c a s e s ,  of the  s t a r t  t a r g e t  c e n t e r  va lue .  The  s t a r t  
t a r g e t s  c o n s i d e r e d  in th is  a n a l y s i s  w e r e  o r i g i n a l l y  s t a t e d  as t e s t  r e -  
q u i r e m e n t s  with a s p e c i f i e d  bandwidth .  F o r  i n s t a n c e ,  t yp i ca l  eng ine  
s t a r t  t a r g e t s  w e r e  of the  f o r m  30 .0  + 1.5 ps ia ,  - 2 9 5 . 0  + 0 .4°F ,  o r  

+30 
1350 _ 0 ps ia .  F o r  the  f i r s t  two of t h e s e  e x a m p l e s ,  the  t a r g e t  c e n t e r  

is we l l  de f ined .  F o r  the  t h i r d  e x a m p l e ,  the  t a r g e t  c e n t e r  is ob ta ined  
as fo l lows : 

Target C e n t e r  = 
( 1 3 5 0  + 30)  - ( 1 3 5 0  - O) 

+ 1 3 5 0  = 1 3 6 5  p s i a  

All  da ta  w e r e  n o r m a l i z e d  by t ak ing  the  d i f f e r e n c e  b e t w e e n  the  r e q u i r e d  
t a r g e t  c e n t e r  and the  va lue  ac tua l ly  ob ta ined  at eng ine  s t a r t .  

With the  e x c e p t i o n  of two c o n d i t i o n e d  p a r a m e t e r s  and the  eng ine  
a m b i e n t  a l t i tude ,  the  s t a r t  t a r g e t s  for  each  ind iv idua l  p a r a m e t e r  c o n -  
t a in  not only d i f f e r e n t  t a r g e t  va lue s  of t e m p e r a t u r e  or  p r e s s u r e ,  but 
a l so  d i f f e r en t  t a r g e t  bandwid ths .  F o r  e x a m p l e ,  t a r g e t  v a l u e s  for  the  
t h r u s t  c h a m b e r  t h r o a t  t e m p e r a t u r e  cond i t i on ing  con ta in  twenty  d i f f e r e n t  
t e m p e r a t u r e  va lue s  and s ix  t a r g e t  bandwid ths .  T h r u s t  c h a m b e r  c o n d i -  
t i o n in g  a l so  con ta ins  c a s e s  in which  one t e m p e r a t u r e  va lue  m a y  have  as 
m a n y  as four  t a r g e t  bandwid ths  ( for  four  s e p a r a t e  f i r i ngs ) .  F o r  e x a m p l e ,  
d i f f e r e n t  f i r i ngs  have  had the  fo l lowing  eng ine  s t a r t  t a r g e t s :  

-250 ± 50°F 
-250 + 25°F 
-250 + 15°F 
-250 ± 10°F 

O t h e r  e x a m p l e s  such  as th is  ex i s t  for  a r a n g e  of t a r g e t  t e m p e r a t u r e s  
f r o m  +50 to -275°F.  I m m e d i a t e l y ,  p r o b l e m s  a r i s e  if  one is  i n t e r e s t e d  
in c o m b i n i n g  data  with such  a v a r i e t y  of t a r g e t  bandwid ths  and wide  
r a n g e  of t a r g e t  t e m p e r a t u r e s .  
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A f t e r  i n v e s t i g a t i n g  the  data,  it was  found that ,  in g e n e r a l ,  on a g iven  
c o m p o n e n t  the p r e c i s i o n  of m e e t i n g  e i t h e r  w a r m  or  cold  t a r g e t  r e q u i r e -  
m e n t s  was a p p r o x i m a t e l y  the s a m e .  T h e r e f o r e ,  the  ba s i c  a s s u m p t i o n  
was m a d e  in th is  a n a l y s i s  tha t ,  for  any c o n d i t i o n e d  p a r a m e t e r ,  the  p r e -  
c i s i o n  and d i f f icu l ty  of h i t t ing  al l  t a r g e t s  was the  s a m e .  Th i s ,  then ,  
a l lows  only one i n v e s t i g a t i o n  to be p e r f o r m e d  for  e a c h  of the  t h i r t e e n  
p a r a m e t e r s .  If the  above  a s s u m p t i o n  could  not be m a d e ,  t hen  any type  
of b a s i c  s t a t i s t i c a l  a n a l y s i s  would be d i f f icul t  b e c a u s e  of the l a r g e  n u m -  
b e r  of s t a r t i n g  cond i t ions  which  a r e  p r e s e n t .  

T h r e e  of the p a r a m e t e r s  ( eng ine  a m b i e n t  a l t i tude ,  fuel  pump  in le t  
t e m p e r a t u r e ,  and o x i d i z e r  pump in le t  t e m p e r a t u r e )  a r e  s l i g h t l y  d i f f e r e n t  
f r o m  the  o t h e r s  r e g a r d i n g  t a r g e t  bandwid ths .  Eng ine  a m b i e n t  a l t i t ude  
had  no t a r g e t  bandwid ths ,  and the  pump in le t  t e m p e r a t u r e s  had only one  
bandwid th  th roughou t  the  t e s t  p r o g r a m .  

The  next  s t e p  in the  i n v e s t i g a t i o n  was to c o n s t r u c t  h i s t o g r a m s  for  
a l l  p a r a m e t e r s  excep t  eng ine  a m b i e n t  a l t i tude .  T h e s e  a r e  shown in 
F ig .  8. In each  h i s t o g r a m  the  a b c i s s a  shows  the  d e v i a t i o n  (ps i  o r  °F) 
b e t w e e n  the  r e q u e s t e d  s t a r t  t a r g e t  c e n t e r  and the  va lue  ac tua l ly  a t t a i n e d  
at eng ine  s t a r t ,  and the  o r d i n a t e  shows  the  n u m b e r  of t i m e s  any p a r t i c u l a r  
d e v i a t i o n  b e t w e e n  the  t a r g e t  c e n t e r  and a t t a ined  v a l u e s  o c c u r r e d .  It m a y  
be no t ed  that ,  in o r d e r  to b e t t e r  exhib i t  the  n o r m a l i t y  of the  data ,  an un -  
b i a s e d  g roup ing  of da ta  was  e m p l o y e d .  F o r  i n s t a n c e ,  f r o m  Fig .  8g, 
t h r u s t  c h a m b e r  t h r o a t  t e m p e r a t u r e  d e v i a t i o n s  ( b e t w e e n  t a r g e t  c e n t e r  and 
the  va lue s  ac tua l l y  a t t a ined  at eng ine  s tar t}  r a n g i n g  f r o m  - 2 . 0  t h r o u g h  
+2 .0  w e r e  p l aced  in one group .  L i k e w i s e ,  d e v i a t i o n s  r a n g i n g  f r o m  +3 .0  
t h r o u g h  +7 .0  w e r e  p l aced  in one group.  An u n b i a s e d  g r o u p i n g  s i m i l a r  
to  th i s  was  e m p l o y e d  for  e a c h  of the  t h i r t e e n  p a r a m e t e r s .  

Group  s i z e  was a r b i t r a r i l y  chosen .  The  a t t e m p t  was m a d e  to c o n -  
s t r u c t  the  g r o u p s  l a r g e  enough  to exhib i t  n o r m a l i t y  of the  da ta  and ye t  
to  k e e p  the  g roup  s i z e s  as s m a l l  as p o s s i b l e .  Th i s  was  a c c o m p l i s h e d  
by i n s u r i n g  tha t  e a c h  h i s t o g r a m  con ta ined  at l e a s t  t en  g roups  with at 
l e a s t  e igh t  o c c u r r e n c e s  in the  g roup  con ta in ing  the  g r e a t e s t  n u m b e r  of 
o c c u r r e n c e s .  

T h e  h i s t o g r a m s  showed  that  da ta  for  the  p a r a m e t e r s  w e r e  n o r m a l l y  
d i s t r i b u t e d  to a d e g r e e  su f f i c i en t  for  the  e m p l o y m e n t  of s t a n d a r d  
s t a t i s t i c a l  m e t h o d s .  T h e r e f o r e ,  the  a r i t h m e t i c  m e a n ,  ~0 and the  e s t i -  
m a t e  of the  s t a n d a r d  dev ia t ion ,  s(x), g iven  by the  equa t ion  

S(X) 
n - - ]  

w e r e  c a l c u l a t e d .  
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T h e  s t a n d a r d  dev i a t i on ,  a, m a y  be c a l c u l a t e d  u t i l i z i n g  the  above  
e q u a t i o n  by s u b s t i t u t i n g  n for  n - 1. H o w e v e r ,  u s e  of the  s t a n d a r d  
d e v i a t i o n  is v a l i d  only  when  n r e p r e s e n t s  the  t o t a l  n u m b e r  of a l l  p o s s i b l e  
o b s e r v a t i o n s  ( the e n t i r e  popula t ion}.  T h e r e f o r e ,  in p r a c t i c e  an e s t i -  
m a t e  of the  s t a n d a r d  dev i a t i on ,  s(x),  is  e m p l o y e d  w h e n  the  e n t i r e  popu-  
l a t i o n  is not  known.  

With  a n o r m a l l y  d i s t r i b u t e d  v a r i a b l e ,  the  s t a n d a r d  d e v i a t i o n ,  a, i s  
a m e a s u r e  of the  f r a c t i o n  of the  d i s t r i b u t i o n  tha t  is  w i th in  a s p e c i f i e d  
r a n g e  of the  m e a n .  T h e  e q u a t i o n  of the  n o r m a l  d i s t r i b u t i o n  in t e r m s  of 
the  r e l a t i v e  f r e q u e n c y  of o c c u r r e n c e  as a func t ion  of the  v a r i a b l e ,  x, 
the  m e a n ,  ~, and the  e s t i m a t e  of the  s t a n d a r d  d e v i a t i o n ,  s ,  is  

- -  2 

y I - 1/2 (~-~--) 

T h e  c o r r e s p o n d i n g  f r e q u e n c y  d i s t r i b u t i o n  c u r v e  is of t he  f o r m  

- 2 a  - o  

F r e q u e n c y ,  Y 

1 
X 

T h e  f r a c t i o n  of the  t o t a l  d i s t r i b u t i o n  tha t  l i e s  w i th in  t he  v a r i o u s  
r a n g e s  a r o u n d  the  m e a n  is s h o w n  in t he  fo l lowing  t ab le :  

P e r c e n t  of T o t a l  Da ta  E r r o r  M a g n i t u d e ,  

50. O0 x ± O. 674 
68 .26  x ± I .  000 
90. O0 x ± 1 .645 
95. O0 ~ ± 1 .960  
9 5 . 4 5  ~ + 2. 000 
99 .73  x ± 3. 000 

a 

Using  the  e q u a t i o n s  s t a t e d  above ,  the  a r i t h m e t i c  m e a n  and the  e s t i -  
m a t e  of the  s t a n d a r d  d e v i a t i o n  w e r e  c a l c u l a t e d  fo r  e a c h  of t he  t w e l v e  
p a r a m e t e r s .  T h e s e  v a l u e s  w e r e  t h e n  u t i l i z e d  for  e a c h  p a r a m e t e r  to 
c a l c u l a t e  t h e i r  c o r r e s p o n d i n g  f r e q u e n c y  d i s t r i b u t i o n  c u r v e s .  F i g u r e  8 
s h o w s  t h e s e  c u r v e s  o v e r l a i d  on t h e i r  c o r r e s p o n d i n g  h i s t o g r a m s .  

10 
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T r e a t m e n t  of the  eng ine  a m b i e n t  a l t i t u d e  d i f f e r e d  s o m e w h a t  f r o m  the  
o t h e r  p a r a m e t e r s .  T h e  t a r g e t  r e q u i r e m e n t  for  th i s  p a r a m e t e r  was  tha t  
it be at o r  above  100, 000 ft at eng ine  s t a r t .  The  da t a  ob t a ined  for  t h i s  
p a r a m e t e r  is  s o m e w h a t  s k e w e d  s i n c e  the  p o s s i b i l i t y  e x i s t e d  for  a t t a i n -  
ing a l t i t u d e s  as low as 60, 000 ft (40, 000 ft be low t a r g e t ) ,  w h e r e a s  the  
p o s s i b i l i t y  fo r  a t t a i n i n g  140, 000 ft (40, 000 ft above  t a r g e t )  did not  ex i s t .  
T h e r e f o r e ,  a c u m u l a t i v e  f r e q u e n c y  d i a g r a m ,  F ig .  9, was  c o n s t r u c t e d  
for  t h i s  p a r a m e t e r  r a t h e r  t han  a h i s t o g r a m .  On th i s  d i a g r a m  t h e  o r d i -  
na t e  at e a c h  point  is  the  c u m u l a t i v e  f r e q u e n c y  or  the  n u m b e r  of m e m -  
b e r s  of the  d i s t r i b u t i o n  tha t  l i e  at o r  to the  r i g h t  of the  v a l u e  of the  
v a r i a b l e  g iven  on the  X - a x i s .  

The  fo l lowing  s e c t i o n s  d e a l  i n d i v i d u a l l y  wi th  the  p a r a m e t e r s ,  p r o -  
v id ing  s p e c i f i c  a s s u m p t i o n s  u t i l i z e d  in the  a n a l y s e s  and the  r e s u l t s  ob-  
t a i n e d .  Al l  da t a  g r e a t e r  than  5 a w e r e  o m i t t e d  f r o m  th i s  a n a l y s i s ;  
h o w e v e r ,  only  fou r  da t a  po in ts  d i f f e r e d  f r o m  the  m e a n  by th i s  a m o u n t .  
T h r e e  of t h e s e  da t a  po in t s  r e s u l t e d  f r o m  the  f o r m a t i o n  of i c e  on a f i l t e r  
in the  o x i d i z e r  r e c i r c u l a t i o n  l i ne  c a u s i n g  o x i d i z e r  p u m p  in le t  p r e s s u r e  
to d e v i a t e  f r o m  the  m e a n  by a m o u n t s  r a n g i n g  f r o m  6 to 10 a. T h e  
fou r th  da t a  point  ( 6 . 2 1  a) was  the  r e s u l t  of an o x i d i z e r  pump  in le t  t e m -  
p e r a t u r e  t a r g e t  tha t  was  o u t s i d e  the  c a p a b i l i t i e s  of the  c o n d i t i o n i n g  
s y s t e m .  

As p r e v i o u s l y  m e n t i o n e d ,  the  d i s t r i b u t i o n s  of a l l  p a r a m e t e r s ,  ex -  
cep t  eng ine  a m b i e n t  a l t i t ude ,  a r e  a s s u m e d  n o r m a l  to a d e g r e e  s u f f i c i e n t  
fo r  the  e m p l o y m e n t  of s t a n d a r d  s t a t i s t i c a l  m e t h o d s .  H o w e v e r ,  it  m a y  
be  n o t e d  in the fo l lowing  a n a l y s i s  tha t  p r a c t i c a l l y  a l l  of the  t w e l v e  
p a r a m e t e r s  be ing  c o n s i d e r e d  {with r e g a r d  to n o r m a l i t y )  a r e  c o m p r i s e d  
of popu la t i ons  c o n t a i n i n g  a g r e a t e r  n u m b e r  of m e m b e r s  wi th  d e v i a t i o n s  
g r e a t e r  t han  3 a than  a r e  e n c o u n t e r e d  in the  c l a s s i c a l  n o r m a l  p o p u l a -  
t ion .  An i n v e s t i g a t i o n  of t h e s e  da ta  poin ts  wh ich  a r e  g r e a t e r  t han  3 a 
r e v e a l e d  tha t  in p r a c t i c a l l y  e v e r y  c a s e  t h e y  w e r e  d i s c o v e r e d  to be ab-  
n o r m a l  at a t i m e  in the  p r e f i r e  coun tdown  d u r i n g  wh ich  the  t e s t  cou ld  
have  been  a b o r t e d  but was  not  c o n s i d e r e d  of g r e a t  enough  i m p o r t a n c e  
to w a r r a n t  an a b o r t .  I n c l u d i n g  t h e s e  da t a  po in ts  in the  c a l c u l a t i o n s  of 
a r e s u l t s  in v a l u e s  of s t a n d a r d  d e v i a t i o n s  w h i c h  a r e  s o m e w h a t  c o n s e r v a -  
t ive  r e g a r d i n g  the  n o r m a l  c o n d i t i o n i n g  p r e c i s i o n  of the  f a c i l i t y .  T h i s  
is  b e c a u s e  i n c l u d i n g  t h e s e  l a r g e - d e v i a t i o n  da t a  po in t s  c a u s e s  t he  d i s t r i -  
bu t ions  to d e v i a t e  f r o m  the  n o r m a l  d i s t r i b u t i o n  and to y i e l d  l a r g e r  
v a l u e s  for  a than  would  be  o b t a i n e d  had  the  da t a  b e e n  p e r f e c t l y  n o r m a l .  

5.2 FUEL PUMP INLET PRESSURE 

F u e l  pump  in le t  p r e s s u r e  was  t a r g e t e d  at eng ine  s t a r t  f o r  a t o t a l  of 
269 t i m e s .  I n l e t  p r e s s u r e  t a r g e t s  r a n g e d  f r o m  21 .5  to 4 6 . 0  ~ s i a .  
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S i x t y - o n e  p e r c e n t  of t h e s e  t a r g e t s  c o n t a i n e d  ± 0 . 5 - p s i  bandwid ths .  
t h i r t y - o n e  p e r c e n t  c o n t a i n e d  + 1 . 0 - p s i  bandwid ths ,  and eight  p e r c e n t  
c o n t a i n e d  ± 1 . 5 - p s i  bandwid ths .  The  fac i l i ty  s u c c e s s f u l y  m e t  82 .9  p e r -  
cen t  of t h e s e  t a r g e t  r e q u i r e m e n t s .  F i g u r e  8a shows  the  p r e c i s i o n  wi th  
which  fuel  pump in le t  p r e s s u r e  r e q u i r e m e n t s  w e r e  m e t .  Data f r o m  one 
of the  f i r i ngs  ( - 4 . 8 - a  dev i a t i on  f r o m  the  m e a n )  is i nc luded  in th is  
a n a l y s i s  but is not r e p r e s e n t e d  on the  h i s t o g r a m  b e c a u s e  of s c a l i n g  diff i -  
c u l t i e s .  F i g u r e  8a r e v e a l s  that  the a r i t h m e t i c  m e a n  of the  da ta  is 
0 .058  ps i  g r e a t e r  than  t a r g e t  c e n t e r  with a s t a n d a r d  dev i a t i on  of 0.613 
psi. 

5.3 FUEL PUMPIMLET TEMPERATURE 

Fue l  pump in le t  t e m p e r a t u r e  was t a r g e t e d  at eng ine  s t a r t  fo r  a to ta l  
of 269 t i m e s .  In le t  t e m p e r a t u r e  t a r g e t s  r a n g e d  f r o m  - 4 1 9 . 6  to - 4 2 3 . 0 ° F .  
Al l  t a r g e t s  c o n t a i n e d  bandwid ths  of ±0 .4°F .  The  fac i l i ty  s u c c e s s f u l l y  m e t  
83 .6  p e r c e n t  of t h e s e  t a r g e t  r e q u i r e m e n t s .  F i g u r e  8b shows  the  p r e c i -  
s ion  with which  fuel  pump in le t  t e m p e r a t u r e  r e q u i r e m e n t s  w e r e  m e t .  
The  f igure  r e v e a l s  that  the  a r i t h m e t i c  m e a n  of the  da ta  is 0. 093°F 
w a r m e r  than  t a r g e t  c e n t e r  with a s t a n d a r d  dev i a t i on  of 0 .341°F .  

5.4 OXIDIZER PUMP IMLET PRESSURE 

O x i d i z e r  pump in le t  p r e s s u r e  was t a r g e t e d  at eng ine  s t / r t  for  a 
to ta l  of 266 t i m e s .  In le t  p r e s s u r e  t a r g e t s  r a n g e d  f r o m  28 to 48 ps ia .  
S e v e n t y - f i v e  p e r c e n t  of t h e s e  t a r g e t s  con ta ined  + 0 . 5 - p s i  bandwid ths ,  
s e v e n t e e n  p e r c e n t  c o n t a i n e d  + 1 . 0 - p s i  bandwid ths ,  and e ight  p e r c e n t  c o n -  
t a i ned  ± 1 . 5 - p s i  bandwid ths .  The  f ac i l i t y  s u c c e s s f u l l y  m e t  91 .7  p e r c e n t  
of t h e s e  t a r g e t  r e q u i r e m e n t s .  F i g u r e  8c shows  the  p r e c i s i o n  with which  
o x i d i z e r  pump  in le t  p r e s s u r e  r e q u i r e m e n t s  w e r e  m e t .  One of the  f i r i ngs  

( 4 . 0 2 - a  d e v i a t i o n  f r o m  the  m e a n )  is i nc luded  in th i s  a n a l y s i s  but is not 
r e p r e s e n t e d  on the  h i s t o g r a m  b e c a u s e  of s c a l i n g  d i f f i cu l t i e s .  F i g u r e  8c 
r e v e a l s  that  the  a r i t h m e t i c  m e a n  of the  data  is 0. 155 p s i  g r e a t e r  than 
t a r g e t  c e n t e r  wi th  a s t a n d a r d  d e v i a t i o n  of 0. 625 psi .  

5.5 OXIDIZER PUMP INLET TEMPERATURE 

O x i d i z e r  pump in le t  t e m p e r a t u r e  was t a r g e t e d  at eng ine  s t a r t  for  a 
to ta l  of 262 t i m e s .  In le t  t e m p e r a t u r e  t a r g e t s  r a n g e d  f r o m  - 2 8 9 . 2  to 
- 2 9 7 . 4 ° F .  Al l  t a r g e t s  c o n t a i n e d  bandwid ths  of +0 .4°F .  The  f ac i l i t y  
s u c c e s s f u l l y  m e t  80.5  p e r c e n t  of t h e s e  t a r g e t  r e q u i r e m e n t s .  F i g u r e  8d 
shows  the  p r e c i s i o n  wi th  which  o x i d i z e r  pump  in le t  t e m p e r a t u r e  r e q u i r e -  
m e n t s  w e r e  m e t .  The  f i gu re  r e v e a l s  tha t  the  a r i t h m e t i c  m e a n  of the  
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data  is 0 .002°F  c o l d e r  than  t a r g e t  c e n t e r  wi th  a s t a n d a r d  dev i a t i on  of 
0 .430~F.  

5.6 START TANK PRESSURE 

Sta r t  t ank  p r e s s u r e  was t a r g e t e d  at eng ine  s t a r t  for  a to ta l  of 
268 t i m e s .  The  p r e s s u r e  t a r g e t s  r a n g e d  f r o m  600 to 1410 ps i a .  N i n e t y -  
two p e r c e n t  of t h e s e  t a r g e t s  c o n t a i n e d  + 1 0 - p s i  bandwid ths ,  and the  r e -  
m a i n i n g  e ight  p e r c e n t  c o n t a i n e d  bandwid ths  r a n g i n g  f r o m  +12 .5  to 
+25 ps i .  The  f ac i l i t y  s u c c e s s f u l l y  m e t  86 .2  p e r c e n t  of t h e s e  t a r g e t  
r e q u i r e m e n t s .  F i g u r e  8c shows  the  p r e c i s i o n  wi th  wh ich  s t a r t  t ank  
p r e s s u r e  r e q u i r e m e n t s  w e r e  m e t .  The  f i gu re  r e v e a l s  that  the  a r i t h -  
m e t i c  m e a n  of the  da ta  is 0 .80  ps i  be low t a r g e t  c e n t e r  wi th  a s t a n d a r d  
d e v i a t i o n  of 8 .83  ps i .  

5.7 START TANK TEMPERATURE 

Sta r t  t ank  t e m p e r a t u r e  was t a r g e t e d  at eng ine  s t a r t  for  a to ta l  of 
268 t i m e s .  The  t e m p e r a t u r e  t a r g e t s  r a n g e d  f r o m  +50 to -300~F. N i n e t y -  
two p e r c e n t  of t h e s e  t a r g e t s  c o n t a i n e d  ±10°T bandwid ths ,  and the  r e m a i n -  
ing e ight  p e r c e n t  c o n t a i n e d  bandwid ths  r a n g i n g  f r o m  ±12 .5  to +30~F. The  
f ac i l i t y  s u c c e s s f u l l y  m e t  97 .0  p e r c e n t  of t h e s e  t a r g e t  r e q u i r e m e n t s .  
F i g u r e  8f shows  the  p r e c i s i o n  wi th  which  r e q u i r e m e n t s  w e r e  m e t .  The  
f i g u r e  r e v e a l s  tha t  the  a r i t h m e t i c  m e a n  of the  da ta  is 1 .65°F  c o l d e r  t h a n  
t a r g e t  c e n t e r  wi th  a s t a n d a r d  dev i a t i on  of 4 . 49°F .  

5.8 THRUST CHAMBER THROAT TEMPERATURE 

T h r u s t  c h a m b e r  t h r o a t  t e m p e r a t u r e  was t a r g e t e d  at eng ine  s t a r t  for  
a to ta l  of 187 t i m e s .  The  t e m p e r a t u r e  t a r g e t s  r a n g e d  f r o m  +50 to  
-275°F.  F o r t y - s i x  p e r c e n t  of t h e s e  t a r g e t s  c o n t a i n e d  +25°F bandwid ths ,  
f o r ty  p e r c e n t  c o n t a i n e d  ± lS°F  bandwid ths ,  t en  p e r c e n t  c o n t a i n e d  +10~F 
bandwid ths ,  and the  r e m a i n i n g  four  p e r c e n t  c o n t a i n e d  bandwid ths  
r a n g i n g  f r o m  ±7 .5  to +50°F. The  fac i l i ty  s u c c e s s f u l l y  m e t  89 .4  p e r c e n t  
of t h e s e  t a r g e t  r e q u i r e m e n t s .  F i g u r e  8g shows  the  p r e c i s i o n  wi th  wh ich  
t h r u s t  c h a m b e r  t h r o a t  t e m p e r a t u r e  r e q u i r e m e n t s  w e r e  m e t .  The  f i gu re  
r e v e a l s  that  the  a r i t h m e t i c  m e a n  of the  da ta  is 3. I°F c o l d e r  than  t a r g e t  
c e n t e r  wi th  a s t a n d a r d  d e v i a t i o n  of 11 .0°F.  

T h i r t y - e i g h t  add i t i ona l  t e s t s  had an a m b i e n t  t e m p e r a t u r e  (50°F) 
. s ta r t  t a r g e t ;  h o w e v e r ,  t he  p r e c i s i o n  wi th  which  t h e s e  t a r g e t s  w e r e  m e t  
was  not c o n t r o l l e d .  T h e r e f o r e ,  t h e s e  t e s t s  a r e  not c o n s i d e r e d  in th i s  
a n a l y s i s .  
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5.9 CROSSOVER DUCT TEMPERATURE 

C r o s s o v e r  duct  t e m p e r a t u r e  was t a r g e t e d  at eng ine  s t a r t  fo r  a t o t a l  
of 230 t i m e s .  The  t e m p e r a t u r e  t a r g e t s  r a n g e d  f r o m  170 to -100°F.  
T w e n t y - n i n e  p e r c e n t  of t h e s e  t a r g e t s  c o n t a i n e d  +25°F b a n d w i d t h s ,  
twen ty  p e r c e n t  c o n t a i n e d  + 7 . 5 ° F  bandwid ths ,  s e v e n t e e n  c o n t a i n e d  + l S ° F  
bandwid ths ,  e l e v e n  p e r c e n t  c o n t a i n e d  +50°F bandwid ths ,  t en  p e r c e n t  
c o n t a i n e d  +20°F bandwid ths ,  and the  r e m a i n i n g  t h i r t e e n  p e r c e n t  con -  
t a i n e d  bandwid ths  r a n g i n g  f r o m  5:2.5 to 5:17.5°F.  The  f a c i l i t y  s u c c e s s -  
fu l ly  me t  78 .7  p e r c e n t  of t h e s e  t a r g e t  r e q u i r e m e n t s .  F i g u r e  8h shows  
the  p r e c i s i o n  wi th  wh ich  c r o s s o v e r  duct  t e m p e r a t u r e  r e q u i r e m e n t s  w e r e  
m e t .  The  f i g u r e  r e v e a l s  tha t  the  a r i t h m e t i c  m e a n  of the  da ta  is  0 . 8 ° F  
w a r m e r  than  t a r g e t  c e n t e r  wi th  a s t a n d a r d  d e v i a t i o n  of 18.30F.  

Dur ing  d i f f e r e n t  p h a s e s  of J - 2  eng ine  t e s t i n g ,  a v a r y i n g  n u m b e r  of 
t e m p e r a t u r e  p r o b e s  w e r e  a t t a c h e d  to the  c r o s s o v e r  duct .  To be con-  
s i s t e n t ,  t h i s  a n a l y s i s  is  c o m p o s e d  of da ta  t a k e n  f r o m  one t h e r m o c o u p l e  
only ( T F T D - 3 )  which  was  u t i l i z ed  t h r o u g h o u t  the  t e s t  p r o g r a m .  

5.10 MAIN OXIDIZER VALVE CLOSING CONTROL LINE TEMPERATURE 

Main  o x i d i z e r  va lve  c l o s i n g  c o n t r o l  l i ne  t e m p e r a t u r e  was  t a r g e t e d  
at  eng ine  s t a r t  for  a t o t a l  of 60 t i m e s .  The  t e m p e r a t u r e  t a r g e t s  r a n g e d  
f r o m  50 to -150°F.  S i x t y - f o u r  p e r c e n t  of t h e s e  t a r g e t s  c o n t a i n e d  +10°F 
bandwid ths ,  e i g h t e e n  p e r c e n t  con t a ined  + 1 2 . 5 ° F  bandwid ths ,  and the  r e -  
m a i n i n g  e i g h t e e n  p e r c e n t  c o n t a i n e d  bandwid ths  r a n g i n g  f r o m  +15 to 
+250F. The  f a c i l i t y  s u c c e s s f u l l y  m e t  48 .3  p e r c e n t  of t h e s e  t a r g e t  r e -  
q u i r e m e n t s .  F i g u r e  8i shows  the p r e c i s i o n  wi th  wh ich  m a i n  o x i d i z e r  
va lve  c l o s i n g  c o n t r o l  l i ne  t e m p e r a t u r e  r e q u i r e m e n t s  w e r e  me t .  One 
of the  f i r i n g s  (4 .58-cr  dev i a t i on  f r o m  the  mean)  is  i nc luded  in t h i s  
a n a l y s i s  but is not r e p r e s e n t e d  on the  h i s t o g r a m  b e c a u s e  of s c a l i n g  
d i f f i c u l t i e s .  F i g u r e  8i r e v e a l s  tha t  the a r i t h m e t i c  m e a n  of the  da ta  is  
8 . 5 ° F  c o l d e r  t han  t a r g e t  c e n t e r  wi th  a s t a n d a r d  d e v i a t i o n  of 21 .3 °F .  

5.11 MAIN OXIDIZER VALVE ACTUATOR TEMPERATURE 

Main  o x i d i z e r  v a l v e  a c t u a t o r  t e m p e r a t u r e  was  t a r g e t e d  at eng ine  
s t a r t  for  a to ta l  of 201 t i m e s .  T e m p e r a t u r e  t a r g e t s  r a n g e d  f r o m  -40 
to  -250°F.  S i x t y - s e v e n  p e r c e n t  of t h e s e  t a r g e t s  c o n t a i n e d  +50°F band-  
widths ,  t w e n t y - f o u r  p e r c e n t  c o n t a i n e d  +10°F bandwid ths ,  and the  r e m a i n -  
ing n ine  p e r c e n t  c o n t a i n e d  b a n d w i d t h s  r a n g i n g  f r o m  +5 to +30°F.  ' T h e  fa -  
c i l i t y  s u c c e s s f u l l y  me t  88. 1 p e r c e n t  of t h e s e  t a r g e t  r e q u i r e m e n t s .  F i g -  
u r e  8j shows  the  p r e c i s i o n  wi th  which  m a i n  o x i d i z e r  v a l v e  a c t u a t o r  t e r n -  
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p e r a t u r e  r e q u i r e m e n t s  w e r e  me t .  The  f i g u r e  r e v e a l s  tha t  the  a r i t h m e t i c  
m e a n  of the  da ta  is 0 . 2 ° F  w a r m e r  than t a r g e t  c e n t e r  with a s t a n d a r d  d e v i -  
a t ion  of 22 .5 °F .  

5.12 HELIUM REGULATOR TEMPERATURE 

H e l i u m  r e g u l a t o r  t e m p e r a t u r e  was  t a r g e t e d  at eng ine  s t a r t  for  a 
t o t a l  of 48 t i m e s .  T e m p e r a t u r e  t a r g e t s  r a n g e d  f r o m  50 to -150°F.  
F o r t y - f i v e  p e r c e n t  of t h e s e  t a r g e t s  c o n t a i n e d  ±10°F b a n d w i d t h s ,  t w e n t y -  
s e v e n  p e r c e n t  c o n t a i n e d  ± 1 2 . 5 ° F  bandwid ths ,  t en  p e r c e n t  c o n t a i n e d  
+20°F bandwid th s ,  and the  r e m a i n i n g  e i g h t e e n  p e r c e n t  c o n t a i n e d  band-  
wid ths  r a n g i n g  f r o m  +5 to +25°F.  The  f ac i l i t y  s u c c e s s f u l l y  m e t  52.1 p e r -  
cen t  of t h e s e  t a r g e t  r e q u i r e m e n t s .  F i g u r e  8k shows  the  p r e c i s i o n  wi th  
w h i c h  h e l i u m  r e g u l a t o r  t e m p e r a t u r e  r e q u i r e m e n t s  w e r e  m e t .  The  f i g u r e  
r e v e a l s  tha t  the  a r i t h m e t i c  m e a n  of the da t a  is 10 .9 °F  c o l d e r  t han  t a r g e t  
c e n t e r  wi th  a s t a n d a r d  d e v i a t i o n  of 14 .4°F .  

5.13 START TANK DISCHARGE VALVE BODY TEMPERATURE 

S t a r t  t ank  d i s c h a r g e  v a l v e  body t e m p e r a t u r e  was  t a r g e t e d  at e n g i n e  
s t a r t  fo r  a to ta l  of 83 t i m e s .  Al l  w e r e  t a r g e t e d  at  50°F.  N i n e t y - t h r e e  
p e r c e n t  of t h e s e  t a r g e t s  c o n t a i n e d  +25°F b a n d w i d t h s ,  and s e v e n  p e r c e n t  
c o n t a i n e d  +50°F b a n d w i d t h s .  The  f ac i l i t y  s u c c e s s f u l l y  m e t  85 .5  p e r c e n t  
of t h e s e  t a r g e t  r e q u i r e m e n t s .  F i g u r e  81 s h o w s  the  p r e c i s i o n  wi th  w h i c h  
s t a r t  t ank  d i s c h a r g e  v a l v e  body t e m p e r a t u r e  r e q u i r e m e n t s  w e r e  m e t .  
Two of the  f i r i n g s  ( 4 . 4 8 -  and 4 . 7 5 - a  d e v i a t i o n s  f r o m  the  mean} a r e  i n -  
c l u d e d  in the  a n a l y s i s  but a r e  not  r e p r e s e n t e d  on the  h i s t o g r a m  b e c a u s e  
of s c a l i n g  d i f f i c u l t i e s .  F i g u r e  81 r e v e a l s  tha t  the  a r i t h m e t i c  m e a n  of 
the  da t a  is 15 .5°F  c o l d e r  t han  t a r g e t  c e n t e r  wi th  one s t a n d a r d  d e v i a t i o n  
of 22 .0°F .  

5.14 ENGINE AMBIENT ALTITUDE 

E n g i n e  a m b i e n t  a l t i t ude  was  t a r g e t e d  at e n g i n e  s t a r t  fo r  a t o t a l  of 
260 t i m e s .  Th i s  i n c l u d e s  a l l  t e s t s  wi th  the  e x c e p t i o n  of e l e v e n  w h i c h  
w e r e  c o n d u c t e d  at a p p r o x i m a t e l y  50, 000 ft wi thou t  u t i l i z i n g  the  s t e a m  
e j e c t o r .  T h e s e  e l e v e n  t e s t s  a r e  not c o n s i d e r e d  in th i s  a n a l y s i s .  E n g i n e  
a m b i e n t  a l t i t u d e  d i f f e r e d  f r o m  the t w e l v e  c o n d i t i o n e d  p a r a m e t e r s  in tha t  
no a c t u a l  t a r g e t  bandwid ths  w e r e  p l a c e d  on th i s  p a r a m e t e r .  H o w e v e r ,  
t h e r e  was  the  r e q u i r e m e n t  tha t  th i s  p a r a m e t e r  be at o r  above  100, 000 ft 
at  eng ine  s t a r t .  F i g u r e  9 is t h e  c u m u l a t i v e  f r e q u e n c y  d i a g r a m  c o n -  
s t r u c t e d  for  e n g i n e  a m b i e n t  a l t i t ude  and r e f l e c t s  the  p r e c i s i o n  wi th  
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which  the  a l t i t ude  r e q u i r e m e n t s  w e r e  m e t .  The  f i gu re  r e v e a l s  that  the  
eng ine  a m b i e n t  a l t i tude  was above 104, 000 ft for  o n e - h a l f  of the  t e s t s .  
The  fac i l i ty  s u c c e s s f u l l y  m e t  74.5  p e r c e n t  of the  t a r g e t  r e q u i r e m e n t s .  

Tab le  II is c o m p o s e d  of a l i s t ,  for  the  t a r g e t e d  p a r a m e t e r s ,  of 
a r i t h m e t i c  m e a n  loca t ion ,  s t a n d a r d  dev ia t ion ,  and p e r c e n t  of t a r g e t s  
m e t  by the  fac i l i ty .  The  p o s i t i v e  s ign  i n d i c a t e s  e i t h e r  a p r e s s u r e  
h i g h e r  than  t a r g e t  c e n t e r  or  a t e m p e r a t u r e  w a r m e r  t han  t a r g e t  c e n t e r .  
The  n e g a t i v e  s ign  i n d i c a t e s  e i t h e r  a p r e s s u r e  l o w e r  than  t a r g e t  c e n t e r  
o r  a t e m p e r a t u r e  c o l d e r  than  t a r g e t  c e n t e r .  

As a r e s u l t  of the  long d u r a t i o n  of the  J - 2  eng ine  t e s t  p r o g r a m  and 
the  l a r g e  n u m b e r  of t a r g e t e d  p a r a m e t e r s  t h roughou t  the  p r o g r a m ,  the  
fac i l i ty  has ga ined  c o n s i d e r a b l e  k n o w l e d g e  wi th  r e g a r d  to i ts  p r e c i s i o n  
and c a p a b i l i t y  of m e e t i n g  t a r g e t e d  p a r a m e t e r  r e q u i r e m e n t s .  The  c o m -  
b ina t ion  of th is  f ac i l i ty  e x p e r i e n c e  and the  m a t h e m a t i c a l  r e s u l t s  p r e -  
s e n t e d  h e r e i n  shou ld  be of va lue  in s e t t i n g  bandwid ths  for  fu tu re  
t a r g e t e d  p a r a m e t e r s .  

SECTION VI 
SUMMARY OF RESULTS 

The  r e s u l t s  of the  i n v e s t i g a t i o n  p e r f o r m e d  on t h i r t e e n  t a r g e t e d  
p a r a m e t e r s  at eng ine  s t a r t  for  the  J - 2  eng ine  t e s t  p r o g r a m  at AEDC 
a r e  s u m m a r i z e d  as fo l lows :  

. 

. 

The  i n v e s t i g a t i o n  r e v e a l e d  that ,  in g e n e r a l ,  t a r g e t i n g  p r e c i -  
s ion  was not i n f l u e n c e d  by e i t h e r  t a r g e t  va lue s  o r  bandwid ths .  

T h r o u g h o u t  the  J - 2  eng ine  t e s t  p r o g r a m ,  the  f ac i l i t y  m e t  
83 .8  p e r c e n t  of al l  t a r g e t  r e q u i r e m e n t s  for t h o s e  p a r a m e t e r s  
u n d e r  c o n s i d e r a t i o n .  

3. The  h i g h e s t  p e r c e n t a g e  of t a r g e t s  was  m e t  for  the  s t a r t  t ank  
t e m p e r a t u r e  ( 9 7 . 0  p e r c e n t  with 268 da ta  po in ts ) ,  and the  
l o w e s t  p e r c e n t a g e  was for  t he  m a i n  o x i d i z e r  va lve  c l o s i n g  c o n -  
t r o l  l i ne  t e m p e r a t u r e  (48 .3  p e r c e n t  wi th  60 da ta  po in t s ) .  

4. E n g i n e  a m b i e n t  a l t i tude  was above 104, 000 ft o n e - h a l f  of the  
t i m e  that  it was  a t a r g e t e d  p a r a m e t e r  and was above  100, 000 ft 
74.5  p e r c e n t  of the t i m e .  

. The data presented do not represent the best targeting capa- 
bility of the facility, since some tests could have been aborted 
for failure to meet certain targets, but were not because these 
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. 

p a r a m e t e r s  were  not cons ide red  suf f ic ien t ly  impor t an t  for the 
t es t  ob jec t ives  of the p a r t i c u l a r  t es t  involved.  

Although twelve of the t h i r t een  p a r a m e t e r s  included in th is  s u r -  
vey ~vere t r e a t ed  as n o r m a l l y  d i s t r ibu ted ,  a h igher  f requency  
of data o c c u r r e d  in the 3- to 5-~ range,  for some p a r a m e t e r s ,  
than is cons i s t en t  with the t h e o r e t i c a l  n o r m a l  d i s t r ibu t ion .  
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A E D C-T R-69-80 

TABLE I (Continued) 

T e s t  ' 
N u m b e r  

1801-05E 

TSOVAL, 
o F 

T a r g e t  A c t u a l  

1801-05F . . . . . .  

1801-05G . . . . . .  

1801-05H . . . . . .  

1801-05I  

1 8 0 1 - 0 5 J  

1801 -05K 

1801-05L 

-150 ± I0 

-150 + I0 

-150 ± I0 

-150 ± 10 

TSOVC, 
o F 

1 8 0 1 - 0 5 M  

1801-05N 

1 8 0 1 - 0 5 0  

1 8 0 1 - 0 5 P  

1 8 0 1 - 0 5 Q  

1 8 0 1 - 0 5 R  

1801-05S 

1 8 0 1 - 0 5 T  

1 8 0 1 - 0 5 U  

T a r g e t  A c t u a l  

- 1 5 0  ± I0 -146  

- 1 5 0  ± i0  -147  

- 1 5 0  ± I0 -152  

- 1 5 0  ± 10 -153  

-150  ± I0 -148  -146 

-148 -150 ± I0 -159 

-151 -250 ± I0 !-245 

-250 + I0 -151 ' :-247 

-150 + 10 -153 -250 + 10 -253 

. . . . . . .  150 ± 10 -147 

. . . . . . .  150 ± 10 -144 

-150 ± 10 -113 -150 ± 10 -149 

- 1 5 0  + 10 -134  - 1 5 0  ± 10 -147  

- 1 5 0  ± 10 -156  - 1 5 0  + 10 -148  

-150  ± 10 -161  - 1 5 0  ± 10 -136  

-150  + 10 -157  - 2 5 0  ± 10 -242  

-150  ± 10 - 1 7 0  -250  + 10 -248  
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A E D C-T R-69-80 

TABLE II 
SUMMARY OF TARGETING PRECISION 

P a r a m e t e r  

Fue l  Pump  Inle t  
P r e s s u r e  

Fuel  Pump Inle t  
T e m p e r a t u r e  

Ox id i ze r  Pump Inlet  
P r e s s u r e  

Ox id ize r  Pump Inle t  
T e m p e r a t u r e  

S ta r t  Tank P r e s s u r e  

S ta r t  Tank  
T e m p e r a t u r e  

T h r u s t  C h a m b e r  Th roa t  
T e m p e r a t u r e  

C r o s s o v e r  Duct 
T e m p e r a t u r e  

Main Ox id i ze r  Valve 
Clos ing  Cont ro l  L ine  
T e m p e r a t u r e  

Main Ox id ize r  Valve 
Ac tua to r  T e m p e r a t u r e  

He l ium Regu la to r  
T e m p e r a t u r e  

S ta r t  Tank D i s c h a r g e  
Valve Body 
T e m p e r a t u r e  

Loca t ion  of 
A r i t h m e t i c  Mean 

Re la t ive  to 
T a r g e t  Cen te r  

+0.058 ps i  

+0. 093°F 

+0. 155 ps i  

-0. 002°F 

-0.80 psi  

- I. 65°F 

-3. l °F  

+0.8°F 

"~8.5°F 

+0.2°F 

- I 0 . 9 ° F  

- 1 5 . 5 ° F  

One 
Standard  
Devia t ion  

0. 613 ps i  

O. 341=F 

O. 625 ps i  

0 .430°F 

8.83 ps i  

4 .49°F  

11.0°F 

18.30F 

21.3°F 

22.5°F 

14.4°F 

22.0°F 

P e r c e n t  of 
T a r g e t s  Met 

82.9  

8 3 . 6  

91.7 

80.5 

86.2 

9'1.0 

89.4 

78.7 

48 .3  

88.1 

52.1 

8 5 . 5  
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A E D(~-T R-69-80 

APPENDIX III 
INSTRUMEHTATION 

The instrumentation pertinent to this report is tabulated in 

Table Ill-1. The location of selected major engine instrumentation is 
shown in Fig. Ill-1. 

TABLE II1-1 
INSTRUMENTATION LIST 

AEDC Tap  D i g i t a l  S t r i p  X - Y  
Code  P a r a m e t e r  No__:. Range  S y s t e m  C h a r t  P l o t t e r  

P r e s s u r e  . p s i a  

PA 1 T e s t  Ce l l  0 to  0 .5  X 
PA2  T e s t  Ce l l  0 to  1 .0  X 
PA3  T e s t  Ce l l  0 to  5 . 0  X X 
P F P I - 1  F u e l  P u m p  In le t  0 to  100 X X 
P F P I - 2  F u e l  P u m p  In le t  0 to  1001 X X 
P F S T - 2  F u e l  S t a r t  Tank  T F 1  0 to  1500 X X 
P O P I - 1  O x i d i z e r  P u m p  l n l e t  0 to 100 X X 
P O P I - 2  O x i d i z e r  P u m p  I n l e t  0 to  200 X X 

T e m p e r a t u r e  °__FF 

T B H R - 2  H e l i u m  R e g u l a t o r  Body  -100 to +50 X X 
T F P I - 1  F u e l  P u m p  I n l e t  -425 to  -400 X X 
T F P I - 2  F u e l  P u m p  I n l e t  -425 to  -400 X X 
T F S T - 2  F u e l  S t a r t  Tank  T F T I  -350 to +100 X X 
TFTD-3 Fuel Turbine Discharge 

Duct -200 to +1000 X X 
T O P I -  1 O x i d i z e r  P u m p  In le t  - 310 to  - 270 X X 
T O P I - 2  O x i d i z e r  P u m p  In le t  -310 to  -270 X X 
T S O V A L - 2  O x i d i z e r  Va lve  C l o s i n g  

C o n t r o l  L i n e  -200 to +100 X X 
TSOVC- 1 Oxidizer Valve 

Actuator Cap -325 to +150 X 
TSTDVOC Start Tank Discharge 

Valve Opening 
Control Port -350 to +100 X 

TTC - 1P Thrust Chamber 
Jacket (Control) CSI -425 to +500 X X 

1Before  t e s t  p e r i o d  J 4 - 1 8 0 1 - 3 1  the r a n g e  of P F P I - 2  was  0-200 p s i a .  
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A E D C-T R-69-80 

a. Fuel Pump 
Fig. II1-1 Instrumentation Locations 
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A E D C-T R -69-80 

c. Oxidizer Pump 

Fig. II1-1 Continued 
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